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Caracteristicas dinoflagelados

® Peridiniales vs. Gonyaulacales
® Género Alexandrium

© Especies de interés:
= Caracteristicas morfologicas - distribucion mundial
= Criterios para identificacion en muestras del sur de Chile

€ Registros de A. cf. tamarense en Los Lagos

&€ Metodologias para identificacidon especies
= Epifluorescencia — Ventajas y costos

I 8 S T I T U T 0O O E F O MM E N T O P E S Q WU E R O



7

& Caracteristicas Dinoflagelados

= Pertenecen junto a Protozoos ciliados y Apicomplexa al
Grupo Alveolata

= Division Dinophyta
% Clase Dinophyceae

+ SubClase Peridiniphycidae
» Orden Gonyaulacales

» Orden Peridiniales
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Comparacion morfologia general entre peridiniales y gonyaulacales
(Adaptado de Larsen, 2011)
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Peridiniales vs. Gonyaulacales

Principales diferencias entre las placas de peridinioides y gonyaulacoides
(Adaptado de Larsen, 2008)
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Tabulacion apical de peridiniales (Protoperidinium) y gonyaulacales (Alexandrium)
(Adaptado de Larsen, 2008)
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Gonyaulacales

(Gonyaulax y Alexandrium)
60” aU/aX A/e,{\/a” f'illm Complejo del_pcm apical (APC)
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Diferencias de tabulacion entre Gonyaulax y Alexandrium
(Adaptado de Balech, 1995y Larsen, 2011)
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Caracteristicas diagnésticas

» tamafio y forma
'I, y 699

>
> saysp
» APC

From Balech 1995

Arreglo de las placas en el género Alexandrium
(Adaptado de Balech, 1995y Larsen, 2011)
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Género Alexandrium
(Morfo-grupos)

€ grupo minutum

® grupo ostenfeldil

® grupo catenella

® grupo fraterculus

® grupo kutnerae

® grupo tamarense

© subgénero Gessnerium
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Género Alexandrium

(grupo ostenfeldii)

1' angosta con poro ventral de gran tamano, 2 sinbnimos?
Especies: , A. peruvianum

\ 4

5 ﬁ . -\hv-‘w f .-‘--

~ (Fukuyo, 2000)

A “wt |
108, * S
.L:'I. 8 . 3
£ # by - ]
it J — T
| : S,
I i s
1 .A L ; -
8 TN
a F . ¥
- X # 1
- i
L3 I .

Alexandrium ostenfeldii

(http://dinos.anesc.u-tokyo.ac.jp/Jpeg/Alexandrium/fra-tam-ost.-comp.jpg)
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Genero Alexandrium
(grupo ostenfeldii)

Distribucion de
(Adaptado de Larsen, 2008)
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Genero Alexandrium
(grupo ostenfeldii)

Distribucion de
(Adaptado de Fraga, 2007)
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Género Alexandrium
(grupo ostenfeldii)
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Alexandrium ostenfeldii
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Genero Alexandrium
(grupo ostenfeldii)

10 micron

Deteccion de A.ostenfeldii desde afio 2009 — inicio uso de epifluorescencia
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o~ Género Alexandrium

= (grupo catenella)

Ceélulas comprimidas antero-posteriormente, formadoras de cadenas,
poro ventral ausente. Especies: , A. compressum

From Balech, 1995

Photos: Santiago Fraga
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Genero Alexandrium
(grupo catenella)
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(Faust y Guledge, 2002)
http://www.nmnh.si.edu/botany/projects/dinoflag/Taxa/Acatanella.htm

I 8 S T I T U T 0O O E F O MM E N T O F E S5 K U



Genero Alexandrium
(grupo catenella)




Género Alexandrium
(grupo catenella)

Distribucion de
(Adaptado de Fraga, 2007)
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Genero Alexandrium
(grupo catenella)

10 micron
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p Género Alexandrium
I(comparacion A. ostenfeldii y A. catenella)
i |
= . |
pedmiic 10 micron
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Género Alexandrium

(grupo tamarense)

Dificil de definir morfologicamente, Unica caracteristica en comun podria
ser la forma de la placa sp. Con o sin poro ventral.
Especies: , A. acatenella, A. fundyense, A. tropicale

From Balech 1995

(Adaptado de Fraga, 2007)
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Genero Alexandrium
(grupo tamarense)

Alexandrium
famarense




Genero Alexandrium
(grupo tamarense)

Distribucion de
(Adaptado de Fraga, 2007)
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Grupo tamarense ~ minutum

(Adaptado de Larsen, 2011)
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Variabilidad intraespecifica
A. tamarense

Table 1

Percentage of A. tamarense cells with a ventral pore (% v.p.)m a
field sample from Golfo Nuevo and in clones AT-3D and AT-2D
cultured under different conditions

Samples Temperature  Irradiance

. e -2
() (wmolm™"s57)

Field sample 14

AT-3D clone 10 200
10 80
15 35

20 80

20 35

AT-2D clone

Fig. 2. Morphology of A. ramarense from Golfo Nuevo. SEM.,
clone AT-3D: (a) detail of the apical pore scale bar = 2 pm; (b) plate
| g with ventral pore (amow); (c) plate 1y without ventral pore scale
bars = |
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Variabilidad intraespecifica
A. catenella

AFNF A A, fundyense (U44926)
o] AFNFAZ.Z A fundyense (U44928) « 9118906

(Varela etal, 2012) Alext.1 A famarense (A1303445)

PWOE A, damarene (LI449937)
LILWEIO3 A. iamarense (AB0BI272)
HAT4 A, lamarense (AB0BS24E)
ACCOH01 A, caferefla (AYD5E023)
Q10 Quallén, Chiloé
G105 Quellén, Chilaé
1002 Isla Ovalada
ACCOY A, cafenalls (AYZEE50T)
Q0T Quellén, Chiloé
PEQ2 Puarte Edan
ACCOT Canal Costa
PED1 Puarte Edén
CB01 Canal Beagle
SIC00a A, famarense (AYOB2034)
A3 A calenella (AF200B87)
1001 Isla Ovalada
G103 Quellén, Chilod
CTCCHM A, ca'fene.ﬂ‘a (AY3115958)
CBO02 Canal Beagl
CTCCS A cafeneﬁa (AY311594)
SD01 Sante Dominge
YOCH8c A larmarense (AYDB2045)
rAlexd 4. famarense (AJ303444)

Alexd1 B A, lamarense (WBU 313%])
MexyWi2 A lamarense

- Alex319 A lamarense {AJH]EJ!E&)
ATFEB A, lamarense (AY26E5
«r7SCH8a A cafeneﬂa [A“l"ﬂ&? QE0) « SEIGAIST
HK1888 A. catensfia (AF 1185348)
Tofuia0ves o ACBOPME A. calenslla [AF019408) » TG54
CMCE8b A, calenelz [AYDB204E8)
gams|  MBIBDIATCIN A lamarense (AY26RE12)
ATEBO1 A. lamarense (LM44833)
ATMSD1 A, lamiyavanichi (AF174614)
100M00M00 —— CU-13 A, fropicals (U44934)

L AABCV1 A affine (AY152708)
AMADOE A, rminufurn (IU44936)

=100/100/99

CCMP2228 K, brevis (EU1B5308)

Fig. 4. Maximum likelihood phylogenetic tree derived from partial LSU rDNA (D1-D3) sequences of different Alexandrium species/strains closely related to the Chilean A

caternela isolates. Bootstrap support values for three phylogenetc approaches (N]/MP/ML) are shown adjacent w the corresponding node. Dash (-) indicates bootstrap
support less than 506,




@4 Relacion tamarense - catenella

Tetrahymena thermophila {Tetr the)
Gomyaulax spinifara (Gony.spin)
Fyrocystis moctilvca (Pyrocyst)
Alaxandriur offine (COMP112)
Alsxandrium tamarense (Pty173)

Adpranchiurn tamarsnse (31-4)
Alexandrium famarsnse (Metamar)
Algxandrium catensla (BAHMEZ1T)
Alsxandrium tamarenss (SZN18)
Alexandrium tamarense (SZNO1)

Alaxandriurm kindyensa (GTCAZD)
Alaxandrivm lamiyavanichi [Atamiy)

Algxandriun minutum (Mexmint)
Alaxandrium minutum (SZN30)
Alsxandrium minuturm (AL3T) : -
Alexandrium tamutum (ABHM) ir war . The MF
Alexandrium tamutum (ATS) ) 7083 comimency index, and
Alexandrium tamutum (SZN29) '
Alexandrium tamutum (SZN28)
Alaxandrivm ostenfeldi (Abkexostl)
Alaxandrium ostanfaidii (K-0324)
Alexandrium osterdeidi (K-D287T)
Algxandriurm asfenfeldi (ADSHT)
Apxandrium ostenfeld (BAHME136)
Alsxandrium margaleff {Alexmarg)
Alsxandrium tayton (AY2T)

(Montresor et al, 2004)

Absrandrium tayion (AY4T)
Alexandrium tayor (BY1T)

100 00N 00

— 001 subsftutionsisite
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@4 Relacion tamarense - catenella

Alpmnd num famarense, CAWD121 AY338749
A. catenella CAWDI4 AFDI 5408

A catensda Hong Keng AF118547

A carensid Japan L4483

A cateneds Hobsanis Bay, Australia AF 200665
A ramarensa Hang Kong (de Sakas, urpubished)
A. catanewa, Triabunna, Tasmania AY338754

Ajﬂ'xandﬂum Cafﬂﬂﬂﬂ'a A, tamaranse. Bell Bay, Tasmania L24533
AL rarravevis, Plymauth, LUK U44330

A, tamavenae Koras ABIBEITR
A, tamarense JAPAN ABLSEZTI
A rararense Japan Ud4o2s
A. cawenalla, Calfomia, U.S.A. AF2008E7
A lamarenss, Mlasks, ULS.A 44927
A, famaransa, Scalland AFJ23534
A, affine Japar ABCREZDT
A, affine Japan (yoe 0] AS0ES228

A atina Thaland 44335

Ajﬂ'faﬂdffum tamarense A affoe France AF3182249
@ A. aitina Spain L386Z0
A famarensa Thalana Lid4a34
—i_— A famapavamchi Japan ASQBE364
A. fratercadurs, CAWDE2 AF0IZ340
A Fralercang Saulh Kerea ABCBE282
| . fraterculus, CAWDST AY338750
A myauhem, Toulkan, Franca AFZ18231
A, amirsurn, Adslside, Ausiraks LLAEGE

A, minufim, Tha Rancs, France AFS18232
A, mindum, CAWD1 AFQZ3532
A minwtum, CAWD13 AYIINTE
AL insuedam Japan ASIBE248
A astenteid CAWDIE AFQ33533
A astenfeicd Kefiarng, Tasmania [de Salas, unpubdis hd)
. A, anderaoy ULSA AAL44537
(MacKenzie etal, 2004 . Mg Fancs AF316250
L 4, margaiefi, CAWDIO AFD33531
[ A peaindgarniatan Japan ABIERIES
| A, preudogonismas, CAWDE AYIIITER
A. cf. concawum, CAWDS1 AY3IETE3
Fragpiuwm subybbosun AFSE028T

= {0 changas

Fie 13 Phylogenetc relationships. based on aligned D1-02 LSU tDNA sequences, among 4ierandrium species isolates from New Zealand
and elsewhere. The neighbour joining tee was constucted using maximum parsimony as the search criterion. Distances are absokute, and
mames in bold were sequenced for this sudy. Accession mumbers for GenBank sequences and the Cawthron culfure collecton desiznation
are provided afier the pame.




A. catenella
(MacKenzie etal, 2004)
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Relacion tamarense - catenella

A. tamarense OF 041 (U44929)
10011001991 ) funelyense AFNFA3.A (AFUS4926)
0.2 A, tamarense PWOE (LM4927T)
* 10041 00100 - A. tarnarense GelV (LIE632)
4" A

——

sapwos II!:.;; sRaiewe]

»
tamarense Pgt183 (Uddg3g) 00 1007100

A, tamarense Alex31.4 (AJ303431)
. A, catenelia OF 101 [L44531) & 100/100/160
4' A, tarnaranse G Hope 1 [L44832)
A, catenella ACY12 (ABOBB2TE)

— A, tamarense ATBB01 (U44933)
A, tamivavanichi TAMIE22012 (AB088263)

1005388 ) 1 tamiyavanichi AMSO1 (AF174614)
100100100 ' A. tamiyavanichi TAMIZ207 (ABOS8286)
A1PSA

PSI
* ® 355279
1008584 B2PSA

® A tropicale CU-13 (U44934) # 100100100
100100/59 » A tropicale CU-15 (AY2686807) = B9/BEEES
& |A. tamiyavanichi CTCCZ3 (AY311656) # 100/100/100

A. tropicaie SAT (AYZ68613)
100100100 | A. fratercuius SJWIT0D (AB06E262)

A. fraterculus JHWO110-1 (AY438017)
85/74/84 | A. affine AFF37 (AB088227)
A. affine AC-1 (DQ176654)
1o57TaarTgeT A affine CU-1 (U44935)

A. affine ABKT13 (EF178150)

; A. margalefii AGNZO1 (AY152707) 4 100950
iﬂmmmanm (U44538)
A. ostenfeldii (AF033533)

dnouB snasme [ Redoq / ioRieArSIHE v

K. brevis CCMP2228 (EUM65308)

Fic. 5. Maximumdikelihood (ML) phylogenetic tree denved from partial LSU rDNA (DI1-D2) sequences of different Alexandrium species’
strains closely related to Brazilian Alexandrium tamyavanichi isolates (AIPSA, B2ZPSA, and PSII). Bootstrap support values for three plnlnf:lv—
netic dpprtmthu {\J ’\-[F'f\-{]'.:l are shown adjacent to the correspondent node. ]:jd_‘all (-) indicates bootstrap support <50%. MP, maximum

rarsimony; NJ, neighbor joinin
* S Menezes etal, 2010




@4 Relacion tamarense - catenella

AFNFA3A A, fundyense (J44926)
o AFMFAZ.2 A fundyense (445928) + 91/89/96

(Varela etal, 2012) PG A, tamorene (UG

LILWEA03 A. iamarense (ABOBIZT)
HAT4 A, lamarense (ABDBS246)

ACCHOT A, cafenells (AYDSE023)
10 Quellén, Chileg

Q05 Queallén, Chilaé
1002 Isla Ovalada
ACCO1 A, catenafla (AYZE850T)
QOT Quellén, Chiloé
917100084 Hlloego puarts Edén
ACCOT Canal Costa

SJC00a A famarense [AYDE2034)

A A calenella (AF200BET)

1001 [sla Ovalada

G039 Quellén, Chiloé

CTCC24 A cafenalis (AY311585)

CB02 Canal Baagle

CTCCS A cafeneﬂallﬁ.ﬂi 1584)

SD01 Sants Dominge

YOCE3C A larnarense (AYDEZ045)
rélexa A, lamarense (AJI03444)

AMexdl B A, lamarense %30 3433
AlexW12 A lamarense 034435

- Alexdl 9 A lamarense {Mﬂlﬂdﬂﬂ)
ATFEE A, famarense (AY2EE5
« 150882 A cafene#a [A‘I"UBE B0y « SEIGAIST
HI<1983 A. cafenefia (AF 118548)
10071001400 o ACBOPME A calenslla (AF019408) « TG54
CMCE8D A, calenela (AYDB204E)
game| MER0IATCINA A lamarense (AYIBEE1 D)
ATEBD A. lamarense (LU44933)
ATMS0 A, tamiravanichl (AF174614)
100M00M00 —— CLU-13 A fropicale (U44934)
— ALMBCN-T A affine (AY152706)
AMADOE A, minufurn (L44936)

=100/100/99

CCMP2I3 K, brevis (EU1B5308)

Fig. 4. Maximum likelihood phylogenetic tree derived from partial LSU rDNA (D1-D3) sequences of different Alexandrium species/strains closely related to the Chilean A
catenella isolates, Bootstrap support values for three phylogenetc approaches (N]/MP/ML) are shown adjacent o the corresponding node. Dash (=) indicates bootstrap
support less than 50%.
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Fig. 2. Cyst length-frequency distnbutions of the naturally oc-

curring Alexandrinm cysts from Tobuyama Bay {upper) and Hi-
roshima Bay { lower).

Tokuyama Bay (n = 134)

755308859818258877

Size classes (pm}

['r)
13
-

Hiroshima Bay (n = 130)

Size classes (um)

Fig. 3. Cyst width-frequency distribuiions of the naturally oc-
curring Alexomdrium cysts from Tokuyama Bay {upper) and Hi-
rashima Bay {lower).

Relacion tamarense - catenella

L=}
L=}
i

A AR XA

3
=
i

Cyst germination (%)

=
1

(=]

5 10 15 20 25 30
Incubation temperature ("C)

Cyst germination (%)

0 15 20 25 30
Incubation temperature ("C)

Fig, 4. Relutionship between incubation temperature and germi-
nation success of naturally occurring Alevandeinm cysts from
Tokuyama Bay {upper) and laboratory produced A, famarense
cysts from Hiroshima Bay (lewer).

(Itakura y Yamaguchi, 2005)
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Alexandrium cf. tamarense

Deteccidon en region de Los Lagos

Poro ventral

- "
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Alexandrium cf. tamarense
Deteccion en region de Los Lagos

17 may - 3 jun |23 may - 8 jun| 14 jun - 12 jul
11 12 12

LO4N3 hayahué 1

L15 “ 1

L1g ___“““

L19

L1GNA1

L19N2

L19N3

L19n4

LD

L20N1

L23

23N

ZIN2

m

L24N1

L25M1 Boca Guafo

Codigo Estacion

5julM2 |12y 13jul12| 24jul12 | 4y5-ago-12
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Alexandrium cf. tamarense
Detecuon en reglon de Los Lagos




Género Alexandrium
Metodologias de analisis y deteccion

4
A\

Uso de microscopia de epifluorescencia
@ Tincion Calcofluor o Fluorescent Brightener
@ Filtro DAPI

® Uso recomendado para identificacion de
dinoflagelados tecados

Mayor costo que microscopios
convencionales

® Equipos adquiridos por Ifop y en uso desde
2009 (region de Los Lagos)
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Género Alexandrium
Metodologias de analisis y deteccion

Uso de microscopia de epifluorescencia




Género Alexandrium
Metodologias de analisis y deteccion

Uso de microscopia de epifluorescencia
- >,

epi-fluorescence

(Adaptado de Fraga, 2007)
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o Género Alexandrium
N\ , P s
== Metodologias de analisis y deteccidon

Escalas de abundancia relativa para Alexandrium

o m A. ostenfeldii, . -
ESCALA . | A catenella (2)
A, cf. tamarense (1)

ABUNDANTE

MUY ABUMNDANTE ; 171 - 682
EXTREMADAMENTE ABUNDANTE ; 6 -3 683 - 2730
HIFER. ABUNDANTE 316 - 63 2731 - 10922
LULTRA ABUNDANTE 53¢ : 10923 - 43690
MEGA ABUNDANTE 276 - 2 43691 - 174762
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Abundancia relativa y densidad Alexandrium catenella
Regidn Aysén. Periodo mayo 2006 — febrero 2007

romingo
afinug

2. Ml
1. kanue

]

Sjun=11 jul
24 229 - 1
13féb -5

=
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Denmark, 2006
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